We study the spectrum of the quantum dot coupled to two external leads, which may be normal and/or superconducting. The dot is described by the Anderson-Hubbard impurity model in the infinity U limit. The impurity spectral function shows complex behavior depending on the temperature and the state of the leads. For normal leads and at low temperature we observe the appearance of the Kondo resonance, while for BCS-like superconducting leads the bound states emerge due to absence of low energy excitations in the leads.
The study of the electric current flowing through the quantum dot coupled to two external leads has recently attracted much attention [1] . Experimentally one measures the current as a function of source-drain voltage VSD at various temperatures and other parameters, as e.g. the coupling strength between dot and external electrodes. The experiments [2, 3] show that one observes the same physics as in metals containing magnetic impurities.
The current through the system is given by an energy integral [41
Here fλ(ω) denotes the Fermi distribution function for lead λ = L (left) or R (right) with chemical potential μλ, Gσ (ω) is the impurity Green function and
is the effective coupling of localized electron to conduction band (see below). The difference between the chemical potentials μL -μR = eVSD is kept constant by the source-drain voltage.
As seen from (1) the current through the system requires the knowledge of the dot's spectral function A(ω) = -1/π śG(ω +i 0 ) . I t d e p e n d s o n t h e s p e c t r u m of electrons in the leads, the strength of coupling between dot and leads, position of the energy level in the dot and other details. It is the purpose of this work to study the spectral functions of the dot coupled to normal and/or superconducting leads with varying parameters.
In the previous paper [5] we have shown that the presence of the Van Hove singularity near the Fermi level in the spectrum of electrons in the leads induces additional structure in Α(ω) and differential conductance G(VSD) =dJ/dVsD • Robustness of this structure against temperature changes distinguishes it from the more interesting Kondo peak.
To calculate Α(ω) we start with the following model:
The parameters have the following meaning: C+λkσ(Cλkσ) denote creation (annihilation) operator for a conduction electron with wave vector k, spin σ in the lead λ, Vak is the hybridiZation matrix element between conduction electron of energy ελk in a lead λ and electron localized on the dot. Εd is the single particle energy at the dot. Here ni = Σσ c σCiσ is the number operator for electrons in the electrodes, Wij is the electron-electron interaction energy which leads to sor d-wave superconductivity in the electrodes, while U is the (repulsive) interaction energy between two electrons localized on the dot. To calculate the on-dot Green function Gσ (ω) we used the modified slave boson technique in the U = 00 limit [6, 7] . For the purpose of numerical calculations we neglected the wave vector dependence of the hybridization and used VLk = VRk = V and constant density of states for normal electrons in the leads. Thus Γ(ω) = ΓL = ΓR = 2πν 2 /D, where D is the band width taken below as an energy unit.
In Fig. 1 we show the density of states (DOS) of the quantum dot coupled to two normal leads. The chemical potentials (μL = -0.05 and μR = 0.05) are shifted from their common position by the applied external source-drain voltage. Different curves correspond to different positions of the on-dot energy level Εd (located below, between, and above the chemical potentials). Note the appearance of the Kondo peak each time the energy Εd lies below the chemical potential and the "Kondo dip" for Εd above it.
If the dot is coupled to two BCS-like superconductors with constant superconducting gap 11, then there is no Kondo resonance in the DOS. Instead we observe the appearance of two bound states at energies falling inside superconducting gap. This behavior is shown in Fig. 2 . We have plotted DOS in the energy range close to the Fermi level of the system. The solid line corresponds to equilibrium situation (μL = μR = 0) while the dashed one for μL = -μR = -11/5. Except bound states (as in equilibrium) there emerge additional structures in the regions, where one of the leads has a finite density of states.
Our model allows for a d-wave superconductivity in the electrodes. Figure 3 shows the spectral density of the dot connected to two external leads being d-wave superconductors. We note that the DOS vanishes linearly with energy. The additional structure seen in the curve is the remnant of the bound states, which have turned into resonances. If one of the leads is normal and other superconducting one finds that DOS contains both Kondo peak and resonant states. The Kondo peak can also be observed in systems with superconducting leads provided Vak exceeds some critical value. Similar conclusion has been obtained for system in which quantum dot was coupled to normal leads with DOS vanishing on the Fermi level [8] .
In conclusion, we have studied the evolution of the density of states on the dot in dependence of the state (normal or superconducting) of external leads. One observes a variety of structures: Kondo peak, "Kondo dip", bound and resonant states, or combinations of them. The influence of these structures on the nonequilibrium transport is under study and will be published elsewhere.
